(tridecafluoro-1,1,2,2-tetrahydrooctyl)trichlorosilane (FTS) and n-octadecyltrichlorosilane (OTS) 14 . Non-silane molecules with a structure similar to that of trichlorosilanes have also been
tested in order to identify the functional groups responsible for binding the SAM molecules to organic surfaces (see the Supporting Online Materials (SOM)). Our preliminary analysis indicates that such groups are SiCl 3 , Si(OH) 3 or COH, rather than alkyl or fluoroalkyl tails of organosilane molecules. This conclusion is also confirmed by our preliminary data on infra-red spectroscopy of SAM-functionalized organic crystals.
SAM growth has been performed in a setup shown in Fig. 1 . A p-type organic crystal with pre-fabricated contacts is placed in a vacuum chamber separated by a valve from a small container (volume ≤ 1 cm 3 ) with a few drops of concentrated SAM molecules. The chamber is evacuated by a mechanical pump, while the SAM valve is closed. When the pressure reaches 10 -3 -10 -2 Torr, the pump is disconnected from the chamber, and the SAM valve is slowly opened. Figure 1 shows the dynamics of the current, I(t), flowing through the sample at a fixed applied voltage, V. As a result of SAM growth at the sample surface, the current rapidly increases by several orders of magnitude. The SAM-induced surface conductivity, σ, is non-volatile: the high-σ state of the samples with graphite contacts persists after storing the samples under high vacuum, in pure oxygen, or under illumination in humid air. The samples with thin-film silver contacts are stable in vacuum or dry gases, but exhibit a drop in σ proportional to the humidity when exposed to humid air (see SOM). Remarkably, we have not been able to observe the ubiquitous "gauge effect" 15 with organic samples fully coated with SAMs.
Although the detailed characterization of SAM-induced conductivity is beyond the scope of this Letter, it is worth mentioning that σ exhibits an anisotropy consistent with the molecular packing in rubrene crystals, it is weakly temperature dependent in the range 5 -300 K, and a metallic σ(T) dependence (i.e., dσ/dT < 0) is observed above 250 K 16 indicating that this system is very interesting for charge carrier transport studies. These characteristics strongly suggest that SAM-induced conductivity is not due to chemical doping of the organic semiconductor bulk, but rather due to a partial transfer of electron density from molecules at the surface of organic semiconductor to the electronegative SAM molecules that occurs as a result of SAM bonding to the surface. The degree of the charge transfer and therefore the conductivity of SAMfunctionalized samples is likely to be related to the dipole moment of organosilane molecules. A combination of the surface binding and the charge transfer creates a stable aligned layer of negatively charged SAM molecules immobilized above the SAM/crystal interface and a corresponding layer of mobile holes below the interface (see the model depicted in Fig. 1 ). The 3 observation of a fast and reversible sensing effect (see below) also speaks in a favor of this model, as opposed to chemical doping.
In order to obtain further insights into the process of self-assembly of organosilanes at the surface of organic crystals we have performed scanning electron microscopy (SEM) and atomic force microscopy (AFM) studies of SAM-functionalized rubrene. Figure 2 shows SEM images of a sample at different stages of SAM growth. These stages approximately correspond to the sample conductivity marked by the letters a, b, c and d in Fig. 1 . At the initial growth stage, SAM regions (the islands of a lighter shade in Fig. 2(a) ) nucleate around surface defects, such as dust or graphite particles: SEM images taken at the initial growth stages reveal a higher nucleation density in the vicinity of the graphite contacts than in the middle of the channel. The islands grow in size as the treatment time increases and eventually coalesce into larger connected patches ( Fig. 2(b-c) ). At long treatment times (> 10 h), the entire surface of the crystal appears uniformly coated in SEM; this state corresponds to the highest conductivity of the sample. A uniform grayscale shade for different islands and within each island suggests that all the SAM regions are similar in surface properties and thickness. The observed SEM contrast is remarkably high for a pristine organic sample with islands of molecular-scale thickness at the surface; this suggests that SEM might be a powerful tool for studying SAM-functionalized organic semiconductors.
Since electron microscopy cannot be used to measure the SAM thickness, we have performed AFM studies of a partially coated rubrene in order to confirm that the SAM thickness is consistent with the length of trichlorosilane molecules (Fig. 3) . The AFM images of the SAM at the surface of rubrene have the following characteristics: (1) the SAM islands can easily be distinguished from other structural features of the rubrene surface, such as molecular growth steps, due to the very distinct morphology (see Fig. 3 be fully restored by purging the test chamber with a pure nitrogen gas or by pumping. We have found that for a stable and reversible operation of these devices a complete SAM coverage of the crystal surface is necessary.
Although much more work is required to elucidate the microscopic mechanism of the sensing effect in SAM-functionalized organic samples, we speculate that the interaction of polar molecules with the polarized SAM layer results in a modification of the average SAM's dipole moment and a subsequent change of σ. This mechanism differs from the operating principle of organic thin-film transistor sensors, based on the analyte diffusion through the grain boundaries and an increase of the trap density at the organic-dielectric interface 18 .
SAM-functionalized organic semiconductors provide an intriguing opportunity for developing sensors with chemical selectivity. Indeed, (a) the flexibility of SAM synthesis could allow for tailoring the head groups of SAM molecules to selectively bind to certain analytes, without changing the substrate-binding group; (b) the dynamics and even the sign of the sensing effect depend on the analyte (Fig. SOM1) ; (c) the linearity of the device response and the slope which is specific to SAM and analyte might have a potential for selective recognition of a range of analytes with a composite sensor, based on two or more devices functionalized with different SAMs (e.g., FTS, OTS, etc.), and, finally, (d) the response of these devices to certain analytes depends on the type of electrical contacts: e.g., devices with graphite contacts are not sensitive to H 2 O vapor, while those with silver contacts are (Fig. SOM1) . Further work is necessary in this direction.
To conclude, we have observed molecular self-assembly of organosilanes at the surface of organic semiconductors that induces a highly conducting surface state of these materials. The interaction of SAM-functionalized organic surfaces with molecular species in the environment results in a rapid and reversible variation of the electrical conductivity of these samples. All these findings indicate that SAM-functionalized organic semiconductors represent a perspective platform for research in molecular self-assembly, charge carrier transport and chemical sensing.
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tetrahydrooctyl)trichlorosilane (FTS) and n-octadecyltrichlorosilane (OTS). The top inset shows a semilog I(t) plot
for FTS-rubrene sample, periodically exposed to saturated fumes of acetone: a large, very fast and completely reversible effect is observed. The lower inset shows step-wise changes of the current through FTS-functionalized rubrene, when it is exposed to diluted acetone fumes with discretely increasing vapor density (each step corresponds to ∆p/p 0 = 4% increase of the vapor density in the test chamber). The sample bias voltage was 5 V. It is evident that the sensor response is a linear function of the analyte density, with the slope dependent on the SAM and the analyte.
SUPPORTING ONLINE MATERIALS (SOM):

A1. Analysis of the effect of different silane and non-silane molecules on conductivity of organic molecular crystals:
Understanding the mechanism of SAM formation at the surface of organic however, is believed to contain both covalent and hydrogen bonds to the substrate and to the adjacent organosilane molecules. The availability of three OH groups on Si atom increases the probability of forming at least one covalent bond to SiO 2 substrate for each molecule.
In our experiment, a persistent and stable effect on the conductivity of molecular crystals has been observed with trichlorosilane molecules. The largest increase of conductivity has been obtained with fluorinated FTS molecules (#1 in the Table A1 ). It is not evident a priori that the We have treated our samples with fumes of tetradecafluorohexane (item 4 in the Table   below ) -a symmetric, highly fluorinated molecule. The test gave negative results: the low initial conductivity of the crystals has not been affected. This indicates that induced dipole interaction is unlikely to be responsible for the binding.
To test asymmetric molecules with a large permanent dipole moment we have chosen the molecules 5, 6 and 7 (Table A1 ) due to their similarity to FTS molecule. The fumes of 5 and 6
did not have any effect on σ of organic crystals, indicating that a large permanent dipole moment is not a prerequisite for binding to organic surfaces, which also rules out the possibility of SAM attachment to the organics by the fluoroalkyl (or alkyl) tail.
Molecule 7 resembles 5 and 6 in terms of the structure of the fluorinated tail, but has a C-OH head group. This molecule is the only non-trichlorosilane molecule in the list of tested compounds that has resulted in a large increase of the crystal conductivity. The effect, however, fully diminishes with pumping the test chamber by a mechanical pump (i.e., after removing the vapor). This indicates that these molecules physisorb at the surface, suggesting that the C-OH group is able to produce at least a weak hydrogen bond to organic surfaces.
The above analysis strongly suggests that the SiCl 3 groups of trichlorosilane molecules are the groups responsible for binding SAM molecules to the surface of organic semiconductors. 
A2. The response of SAM-functionalized organic samples to vapors of different solvents.
We have performed experiments on the sensitivity of SAM-functionalized organic semiconductors to fumes of different solvents using rubrene and tetracene single-crystal samples functionalized with (tridecafluoro-1,1,2,2-tetrahydrooctyl)trichlorosilane (FTS), noctyltrichlorosilane (OLTS) and n-octadecyltrichlorosilane (OTS) monolayers (molecules 1-3 in the Table A1 ).
Prior to the SAM growth, electrical contacts to the organic crystals are prepared either by thermal evaporation of silver through a shadow mask or by painting an aqueous solution of colloidal graphite on the crystal surface. During the silver deposition special care must be taken to minimize the density of defects and contamination of the surface of the crystal. First of all, the high-vacuum gauge must be turned off for the entire duration of pumping the chamber and Ag deposition. This is necessary to prevent the "gauge effect" that results in a formation of traps at organic surfaces as a result of active species generated by high-vacuum gauges or hot filaments in a high vacuum environment 15 . The base pressure P 0 in the chamber must be calibrated before the deposition, and it should be low: in our chamber P 0 = 10 -7 Torr (with a filled liquid N 2 trap) after 5-8 hours of pumping. The low base pressure during the deposition will help to minimize the "gauge effect" caused by the hot surface of the resistively heated evaporation source. It will also help to minimize contamination of the channel with evaporated silver atoms that are able to get under the shadow mask after being scattered off the residual Exposure to polar analytes results in a decrease of conductivity; in contrast, xylene fumes cause a 75% increase of σ ( Fig. SOM1(a) ). Sensitivity to H 2 O vapor has been observed in the samples with silver contacts, but not in devices with graphite contacts (the case of FTSfunctionalized tetracene crystal with Ag contacts is shown in Fig. SOM1(b) ). This indicates that dipolar interactions of analyte molecules with the SAM, which are likely to be responsible for the observed sensing effects, could result not only in modification of the channel properties, but also influence the Schottky barriers of the contacts. It remains to be studied in detail why H 2 O produces a large effect on SAM-functionalized organic samples with silver contacts, but not on those with the graphite contacts.
Fume delivery to the sample and fume removal have been done by two methods: (1) using a vacuum chamber with a pump and a compartment with a liquid analyte, separated from the chamber by a valve, or (2) by a continuous flow of a mixture of an analyte vapor and nitrogen gas (or pure N 2 gas) over the samples. Figure SOM1 (c) shows the results of such an experiment, in which a mixture of dry N 2 and ethanol is flown through the test chamber with an FTS-functionalized rubrene; the recovery is achieved by purging the chamber with pure N 2 gas.
In this case, the sensing effect also occurs very quickly; the recovery is somewhat slower than in the case of pumping the fumes out with a mechanical pump, as expected. Nevertheless, a complete recovery is achieved within a matter of minutes. is removed by flowing pure nitrogen gas over the samples at a rate of 6 cc/s.
